The title of a research article should be straightforward and informative. Most titles of a scientific research article are not "catchy" or "fancy". They should include key words that help researchers in the field identify the paper as being relevant to their work, as well help scientists locate the paper in a database. In a lab report, using a title such as "Lab 1" or using the same title as in the lab manual is not acceptable.
The abstract is a brief summary of the entire paper. It should be very concise (about 100-200 words maximum) and summarize the purpose of the paper, the major hypotheses, the data presented, and the major conclusions. The abstract should be the last part of the paper that is written, as it summarizes all the major sections of the paper.
The introduction outlines the purpose for the research performed and gives the reader any sufficient background needed to understand the rest of the report. It is important to note that the amount of background given does not need to be extensive and should focus on key details that help the reader understand why the authors arrived at their hypotheses. If the reader is not familiar with the information in the paper, he or she can read the references listed in the literature cited section. Most introductions are a few paragraphs, no more than a full page. An introduction should answer several questions:
Guide and Questions: Methods and results (MR) section
Once the authors of a research article have stated their research questions and hypotheses, the next steps are to describe what methods they used to answer the question, and the results of their experiments.
The methods section contains all the methods that were used in the experiments reported in the article. The goal of this section is to provide the reader with enough detail to understand the experiment and potentially replicate the experiment without giving overwhelming detail. When explaining the methods, it is extremely important to note all materials such as reagents, correct antibody nomenclature, controls, temperatures, incubation times, cell culture information and equipment used. Additionally, this section should be broken up into subsections for each technique that was used. Often, the most difficult part of writing this section is not what should be discussed, but rather what shouldn't be discussed. A materials and methods section should not be directly copied from the lab manual. Often, the lab manual will include notations such as "wear gloves" or "dispose of in biohazard waste" -this information is inappropriate to include in a research article because this is considered standard knowledge for a scientist. The methods section should be written in past passive voice, because the techniques have been completed. For example, you should say "The samples were centrifuged" rather than "We centrifuged the samples".
The results section is the most important section of the research paper. This section summarizes the data from the experiments without discussing their implications. Results sections contain three parts: text, figures, and figure legends. The text of a results section should be short, concise, and explain the results obtained from the experiment. As in the Materials and Methods section, data should be referred to in the past tense, since the experiments have been completed. Figures and tables should be numbered referred to in the text by number, for example: "Figure one shows phosphorylation decreased after an hour" or "Phosphorylation was decreased after an hour ( Fig.1) ". 
Guide for Analysis and Presentation of Research Results
In addition to writing scientific articles, scientists communicate their research by presenting their own work at conferences where they either give an oral or a poster presentation. To keep up with current scientific research, scientists present and analyze research papers published in a particular field of interest while the audience participates in a discussion of the data presented. Such presentations and discussions are called journal club and are regularly held in graduate school and medical school.
Over the next few weeks you will work on presenting data from a research article published in the Journal of Experimental Medicine in 2005. This article was written by Paccani et.al. and entitled "Anthrax toxins suppress T lymphocyte activation by disrupting antigen receptor signaling". The purpose of these discussions is to give you an idea of how to analyze and present research article in journal club. Additionally, you will learn how to analyze, process, and present data that were generated by many of the techniques you will learn over the rest of the semester, including western blotting, ELISA, and flow cytometry.
There are four figures in this paper. Each group will be tasked with presenting one figure. (Your TA will tell you which figure you are presenting.) As a group you will present your figure in a power point presentation. Every member of your group is required to participate in the presentation. This presentation should be approximately ten minutes. You must present ALL subfigures in a figure. As you are presenting your figure you must discuss the following:

The particular question the authors were trying to address A few reminders:
The title of a research article should be straightforward and informative. Most titles of a scientific research article are not "catchy" or "fancy". They should include key words that help researchers in the field identify the paper as being relevant to their work, as well help scientists locate the paper in a database. Using a title such as "Research Project" or using the same title as in the lab manual is not acceptable. (1 point) The abstract is a brief summary of the entire paper. It should be very concise (about 100-200 words maximum) and summarize the purpose of the paper, the major hypotheses, the data presented, and the major conclusions. The abstract should be the last part of the paper that is written, as it summarizes all the major sections of the paper. (3 points)
The introduction outlines the purpose for the research performed and gives the reader any sufficient background needed to understand the rest of the report. It is important to note that the amount of background given does not need to be extensive and should focus on key details that help the reader understand why the authors arrived at their hypotheses. If the reader is not familiar with the information in the paper, he or she can read the references listed in the literature cited section. Most introductions are a few paragraphs, no more than a full page. An introduction should answer several questions: What is the biological significance of this study?, What knowledge already exists about this subject?, What is the specific question of the study?, What are the hypotheses? (9 points)
The methods section contains all the methods that were used in the experiments reported in the article. The goal of this section is to provide the reader with enough detail to understand the experiment and potentially replicate the experiment without giving overwhelming detail. When explaining the methods, it is extremely important to note all materials such as reagents, correct antibody nomenclature, controls, temperatures, incubation times, cell culture information and equipment used. Additionally, this section should be broken up into subsections for each technique that was used. Often, the most difficult part of writing this section is not what should be discussed, but rather what shouldn't be discussed. A materials and methods section should not be directly copied from the lab manual. Often, the lab manual will include notations such as "wear gloves" or "dispose of in biohazard waste" -this information is inappropriate to include in a research article because this is considered standard knowledge for a scientist. The methods section should be written in past passive voice, because the techniques have been completed. For example, you should say "The samples were centrifuged" rather than "We centrifuged the samples". The interpretation, justification and significance of results belong in the discussion section. This section should not just be a restatement of the results, but rather emphasize the interpretation and relate the results to existing knowledge on the topic. An explanation of whether the data supports the initial hypothesis should also be included. If the data show deviations from the hypotheses, the author should acknowledge this and speculate why this occurred. This section needs to address the significance of the study and how the data and conclusions fit into the "big picture" of the subject being studied. This includes relating findings to previous work and discussing the implications of the conclusions. Additionally, new hypotheses can be explored and future experiments based on the conclusions should be discussed. (8 points) References-Any and all information obtained from another source should be referenced in this section, as well as cited within the text. You will need a minimum of THREE sources. All sources must be peer reviewed, as is standard when publishing papers. Remember that websites do not count as peer reviewed articles. The following format is acceptable for citation within the text and the reference section. (3 points)
In text: Paccani et al. (1) have previously shown that anthrax toxins suppress T cell signaling.
OR
Previous work has shown that anthrax toxins suppress T cell signaling .
In references: 
Introduction Rubric

Peer Review of individual contribution in a group
Please evaluate each member of your lab group with respect to the following tasks that were part of the Experimental Design Project. Give each member a score from 1 to 10, with 1 signifying contributed little to nothing and 10 signifying contributed significantly. If a group member is consistently given a low score, it may affect his or her grade for that task. You do not need to sign this form. Turn this in at the end of the class to your TA.
Group member name:
Research Report 
Execution of experiments
Unmethylated CpG may treat asthma by inhibiting the Th2 response
Abstract:
Asthma is a respiratory disease that causes coughing, wheezing and shortness of breath as a result of inflammation of the bronchiole tubes. The inflammatory factors are caused by agents of the Th2 response, which includes secretion of various cytokines such as IL-4. CpGcontaining immunostimulatory DNA oligodeoxynucleotides (CpG ODN) are unmethylated bacterial DNA that bind and activate toll-like receptor 9 (TLR9) (Latz et al., 2004) . Although it was shown that CpG ODN was able to treat asthma symptoms by changing the immune response from Th2 to Th1 (Sur et al., 1999) , the mechanisms of inhibition of Th2 response is unclear. It was hypothesized that CpG inhibits the Th2 response by inhibiting IL-4 secretion and the activation of dendritic cells. This experiment used ELISA and flow cytometry to determine the mechanisms of Th2 inhibition by CpG ODN stimulation of murine models. CpG ODN treatment of asthmatic mice decreased IL-4 levels in the bronchaveolar lavage and prevented CD86 expression by dendritic cells in lung tissues. Therefore, CpG ODN could be considered as a strong candidate for an effective asthma treatment due to its ability to inhibit the Th2 responses.
Introduction:
Asthma is a respiratory disease that affects millions of individuals worldwide. It affects the airways in the affected individual resulting in inflammation of the respiratory pathway, causing cough, shortness of breath, increased mucus secretion, bronchoconstriction and wheezing (Kindt et al., 2007) . If left untreated, the consequences of an asthmatic episode can be fatal. Asthma is mediated by a Th2 response characterized by the secretion of cytokines such as IL-4, IL-5, IL-9 and IL-13 (Sur et al., 1999) . Currently, there is no cure for asthma, and the treatments are only designed to prevent and treat asthma attacks. As a result, there is much interest in developing more adequate and effective treatment for asthma.
CpG-containing immunostimulatory DNA oligodeoxynucleotides (CpG ODN) are unmethylated bacterial DNA that bind and activate toll-like receptor 9 (TLR9) (Latz et al., 2004) . Research has shown that CpG is a strong candidate for treatment of asthma due to its ability to induce cytokine production that deviate the immune system from a Th2 to a Th1 response (Sur et al., 1999) . Previous research has shown CpG stimulation in mouse asthmatic models increases the production of Th1 cytokine IFN-γ and decreases the production of Th2 cytokine IL-4. It was also shown that CpG reduces the severity of asthma episodes by reducing the amount of allergen-induced eosinophils, IgE antibody production, and airway hyperresponsiveness in general (Sur et al., 1999) .
It still remains elusive how CpG inhibits the Th2 response and causes immune deviation
to a Th1 response in asthma. In this investigation, we hoped to further examine the potential of CpG as treatment for asthma by observing its possible inhibitory effects in murine models. It is hypothesized that the levels of IL-4, a Th2 mediated cytokine, will be reduced directly by the stimulation with CpG. It was shown in mouse asthma models that activation of certain CD86 (commonly known as B7) costimulatory molecules induces a Th2 response (Nagashima et al., 2008) . It is also hypothesized that CpG stimulation will inhibit the expression of CD86 (or B7), a costimulatory molecule for Th2 cell presentation, by dendritic cells in the lungs. This was investigated by using enzyme-linked immunosorbent assay (ELISA) and flow cytometry, respectively. The ELISA was used to quantify the amount of IL-4 secreted by bronchoalveolar lavage (BAL) from lung tissues of CpG -treated and CpG-untreated asthma mice, and untreated normal mice. Flow cytometry was used to measure the amount of dendritic cell activation in
Comment [4]:
Where is your specific research question? Is this it? This is way too broad. You identified a specific question in the first assignment.
Comment [5]: Indirectly… Cpg doesn't directly act of the cells that secrete IL--4 (T cells) as we established already that T cells do not have TLR9 receptors
Comment [6]: hypothesis
Comment [7]
: IL--4 is secreted BY cells., likely T cells. Lavage is the fluid collected from the lungs (sort of like supernatant) lung tissues of CpG -treated and CpG-untreated asthma mice, and untreated normal mice using CD86 activation marker.
Methods:
Bronchaveolar lavage(BAL) IL-4 assay using ELISA.
A 96-well plate was coated with anti-IL-4 antibody and subsequently washed three times with 0.05% PBS/T and tapped dry. 200 µl of blocking buffer was added to each well and the plates were covered and incubated for 30 minutes at room temperature. Two sets of two-fold serial dilutions of 1 µg/ml IL-4 were prepared starting from the original concentration to a 1:2048 dilution. 100 µl of 1 µg/ml IL-4 was added to wells A3-A6, B1 and C1. 100 µl of each dilution of IL-4 was added to each corresponding well. 100 µl of BAL samples from normal mice were added to wells A7-A8. 100 µl BAL from asthma mice stimulated with CpG were added to wells A9-A10, and 100 µl of BAL samples from asthma mice without CpG were added to wells A11-A12. The plate was incubated for 48 hours at 4°C. The plate was then washed three times with PBS/T and blotted dry. 100 µl of mouse IgG anti-human IL-4 primary antibody was added to wells A1, A2, A5-A10, B1-B12 and C1-C12. The plate was covered and incubated for 30 minutes at room temperature. After the plate was washed three times with PBS/T, 100 µl of HRP-rabbit anti-mouse IgG (1:10,000 in PBS/T) was added to every well excluding A5 and A6. After a 30 minute incubation at room temperature, the plate was washed three times with PBS/T. 100 µl f fresh ABTS substrate diluted 1:100 in H 2 O 2 was added to all wells and color absorbance was measured at 405 nm by a plate reader. (Song, 2010) .
Quantification of dendritic cell activation using flow cytometry.
Comment [8]: Introduction: 7.25/9
Dendritic cells were isolated from lung tissue of normal and asthmatic mice. Dendritic cells from normal and asthmatic mice were divided into two subsets. One subset of asthmatic mice was stimulated with CpG. All cells were resuspended with 1 ml of FACS buffer and 2 µl of FITC-rat IgGα anti-mouse CD86 activation marker was added to a subset of normal cells and both subsets of asthmatic cells. The second subset of normal cells was treated with 2 µl of FITCrat IgGα as an isotype control. Cells were incubated for 30 minutes on ice in the dark. Cells were washed three times with FACS buffer and fixed with 100 µl of ice cold 2% paraformaldehyde. 500 µl of PBS was added to each sample and all contents were transferred to individual FACS tubes for flow cytometer analysis. (Song, 2010) .
Results:
ELISA ELISA plates were read by a 96-plate reader which generated optical density (OD) values. The standard curve (Figure 1) was generated by the two-fold serial dilutions IL-4 of known concentrations. Based on the best fit line from the standard curve, the equation was generated to calculate the IL-4 concentrations secreted by BAL of the lungs of untreated normal mice, untreated asthma mice and CpG ODN-treated asthma mice. The IL-4 concentration in normal mice BAL was 0.004 µg/ml, whereas the untreated asthma mice had a much higher concentration of 0.302 µg/ml (Figure 2) . When the asthma mice were treated with CpG-ODN, the concentration of IL-4 in BAL decreased to 0.0595 µg/ml Figure 1 . The graph compares concentrations of IL-4 secreted by BAL of lung tissues of normal, asthmatic, and CpG ODN-treated asthmatic mice. CpG ODN-treated asthma mice showed a decrease in IL-4 secretion as compared to the untreated asthma mice, though both asthma groups had higher IL-4 secretions than normal mice.
Comment [10]:
A standard curve wouldn't be included in a published article but for the purposes of the class this is okay.
Comment [11]:
Nice figure, shows that students were able to manipulate raw data to determine the concentrations of their unknowns and plot on an appropriate graph
Flow Cytometry
Lung dendritic cells from healthy mice were treated with FITC isotype control and analyzed using flow cytometry. Live cells were gated for the subsequent samples based on the size and morphology of the dendritic cells from the forward scatter and side scatter patterns (Figure 3) . 20,000 events were recorded for each sample for analysis. The fluorescence intensity of the isotype control without CD86 markers was displayed in Figure 4A . These cells of low FITC fluorescence were considered CD86-cells. Based on the isotype control, it was shown that dendritic cells of normal mice did not express the CD86 activation marker ( Figure 4B ). 48% of dendritic cells from asthmatic mice expressed CD86 (Table 1, Figure 4C ), but the expression was removed upon stimulation with CpG ( Figure 4D ). 
Samples % of live cells % of CD86-cells % of CD86+ cells Isotype control (FITC-ratIgG 2a )
84.8% 100.0% 0.0%
Dendritic cells of normal mice
85.6% 100.0% 0.0%
Dendritic cells of asthmatic mice(-CpG)
11.0% 51.8% 48.2%
Dendritic cells of asthmatic mice (+CpG)
81.7% 100.0% 0.0% Table 1 : Percentage of live cells and cell distribution of activated and unactivated dendritic cells. The percentage of live cells was calculated based on the gating of live and dead dendritic cells using flow cytometry from Figure 3 . Of these live cells, the percentage of activated and unactivated dendritic cells was calculated from flow cytometry data based on the presence of the CD86 activation marker. 
Discussion:
ELISA results showed a notable difference between the amounts of IL-4 secretion by BAL in the asthmatic mice without treatment with CpG and the asthmatic mice treated with CpG. The untreated asthma mice had higher levels of IL-4 in the BAL as compared to the untreated normal concentration (Figure 2 ). In the normal mice, there was only a 0.004 µg/ml IL-4 detected in the BAL (Figure 2) . When comparing the asthmatic mice, the unstimulated mouse BAL had 0.302 µg/ml of IL-4 whereas the CpG-treated mouse BAL had decreased IL-4 levels of 0.0595 µg/ml (Figure 2) . These results indicate that CpG stimulation in asthmatic mice inhibit Th2 response by inhibiting IL-4 secretion. Although CpG treatment did not reduce IL-4 secretion to levels as low as those in the normal mice, the observed decrease of IL-4 is promising. In future experiments, the dosages of CpG administered to the mice can be increased as a possible way to reduce the IL-4 levels even further. The optimal amount of CpG would maximally reduce IL-4 levels in the lungs without harming the mice.
Activated dendritic cells were identified by the cell surface marker, CD86, in flow cytometry. The presence of the CD86 marker is an indication of cells activating Th2 cells. The isotype control was used to determine cells that were CD86-( Figure 4A ). 100% of the normal dendritic cells were CD86-( Table 1 , Figure 4B ). The asthmatic mice had a population of CD86+ dendritic cells ( Figure 4C ), whereas upon CpG stimulation, all cells were CD86-( Figure   4D ). It can be inferred that CpG treatment for mice had inhibited activation of dendritic cells as it inhibited expression of the CD86 activation marker. The expression of CD86 by dendritic cells was found to induce Th2 responses in asthmatic mice (Nagashima et al., 2008) . This study showed that CpG was able to inhibit the Th2 response by inhibiting dendritic cell expression of CD86.
9
The effects of CpG on the BAL and the dendritic cells support the original hypothesis that CpG would inhibit Th2 responses by inhibiting IL-4 and dendritic cell activation in asthmatic mice. Overall, the data from this investigation indicates that CpG is a strong candidate as an effective treatment of asthma because of its ability to potentially inhibit Th2 responses in human patients. To further investigate CpG and its mechanisms of Th2 inhibition, it would be beneficial to determine the effects of CpG on the concentrations of other Th2 cytokines secreted by BAL in asthmatic mice. Other Th2 -related cytokines for future studies include IL-5 and IL-10 ( Kindt et al., 2007) . Another possible follow up experiment would be to analyze the cellular signaling pathways involved in the activation of dendritic cells in asthmatic mice treated with CpG through western blot.
motivate each student to think independently prior to working collaboratively. TAs provided individual feedback for each of these two assignments. Once these two assignments were completed, students worked within their groups to develop a plan for executing proposed experiments as a group. The lab groups performed experiments during a two-week period. Instructors were available to provide reagents and help with equipment.
Part b: Writing the Group Research Paper -Students within their groups determined an approach to write the final "Group Research Paper" in a collaborative fashion. This involved assessing and interpreting findings and dividing the work among group members. Students were allowed one class period to work collaboratively on the "Group Research Paper" after finishing experiments. Instructors and TAs were available to provide guidance. Students submitted the papers either by email or paper copy.
Part c: Guided Peer Review of Group Research Papers -Students were guided through a peer review of their Group Research Papers using the "Peer Review Rubric" (Appendix XII). One class period was used for the peer review. According to the TAs direction, each group exchanged papers with another group.
Each person in a group served as an individual reviewer of the assigned paper. Thus, four to five students reviewed each paper. At the completion of the class period authors and TAs received copies of the written comments Students were allowed three days to make modifications and submit their final reports.
Student Perceptions
We used pre-and post-course assessment surveys to determine students' perceptions on meeting our learning objectives. The ROLA Pre-Assessment had 10 questions [eight asking students to respond to statements with agree/disagree/don't know, and explain your choice, one question asking students to rate their skill in various areas and one open ended question] (Appendix XV). The ROLA Post-Assessment asked students to report on their experience in the course responding to eight questions on the same topics as the Pre-Assessment, a gain in skill survey based upon the course experience, and three open ended questions (Appendix XVI). We are reporting on three questions that were in pre-and post-assessments that revealed insight into students' perceptions on the scientific research and writing process.
Students' responses were analyzed using mixed-methods analysis.
Responses to the open-ended questions were analyzed qualitatively using an inductive approach (10), in which we grouped related responses into subcategories that can be quantified. A graduate teaching assistant from the course, two microbiology faculty members and a science education faculty member categorized the responses separately and then discussed their categories until they came to agreement. Their inter-rater agreement was 90%. The results of the analysis are described below.
To address the learning objectives related to gaining an understanding of the scientific research process and the steps for writing and publishing research results (Objectives 1 and 2), we used primary research papers as templates for research report writing and incorporated peer review process into the writing of the "Group Research Papers". To assess students' perceptions of understanding the process of writing scientific papers, students were prompted with the statement: "The format of lab reports in science classes are modeled after the style of primary articles in scientific publications". In the preand post-assessments, most of the students (26 out of 33 and 30 out of 36 respectively) agreed with this statement. Analysis of student comments in pre-assessment revealed that they understood this connection between lab report writing and primary research articles because of their prior experience in writing lab reports (9 students).
Analysis of comments in the post-assessment where students were prompted to respond to this statement "based upon their experience in this class" showed that students saw a similarity in structure and format between lab reports in the R 3 course and research papers (19 students).
In the pre-ROLA assessment, students were also prompted with the statement: "A lab report has the same depth as a published research article". In the pre-assessment, the majority of the students (28 out of 33) disagreed with this statement. Students commented that research articles are more detailed (13 students), contain years of research (3 students), are peer reviewed (3 students), and based on original work (2 students). In the post-assessment, 21 students out of 36 disagreed with the statement that "Based on my experience in this class a lab report has the same depth as a published research article". Comments from 13 students who disagreed explained that they understood that the major difference between a lab report and a research article is the depth, but not the detail. Comments included, "We don't do nearly enough research to reach the same depth in our lab reports as scientists do with their published research articles." These assessment results suggest that the R 3 successfully illustrated the similarities and differences between a lab report and research article. However, students' comments revealed that there was some confusion between "depth" and "detail" of research reports. Thus we suggest increasing discussions on differences in the depth of published research articles and lab reports, stressing different amount of research work that goes into writing a research paper and a lab report.
To explore if students appreciated the role of collaboration in the research process (Objective 4), students were prompted with the statement, "Collaborative work is valuable for scientific advances." in the pre-ROLA Assessment survey. In the post-ROLA Assessment survey, students were asked to respond to "based on my experience in this course collaborative work is valuable for scientific advances". In the preand post-assessments, most of students (33 out 33 and 27 out of 36, respectively) agreed with the statements. In the post-assessment, 19 students specifically commented that from their experience in the course they experienced a benefit of learning from each other and sharing ideas. Those who disagreed with the statement in the post-assessment commented that the lab groups were too large. The overall student perceptions supported a success of the R 3 design in engaging students in a positive collaborative endeavor.
Negative comments suggest that establishing the appropriate group size for team project and carrying out discussion on how to work as a group is important.
Students' comments to an open-ended question on the post-ROLA Assessment "What did you like about this course?" further indicated the success of this course design in the perception of the students in reaching its learning objectives. Comment 1: "I like that I am able to learn new techniques and become more experienced in the field of immunology. I know that these protocols are being used daily by our very own professors in order to further understand the functioning of our immune system. I feel that I am up to date with the current research by doing these protocols in lab." Comment 2: "I liked that the lab taught assays that are applicable to a real lab setting and that we got practice writing real lab reports instead of answering questions on a worksheet." Comment 3:"I liked the procedures that we learned in this course. I also liked working in groups, that it wasn't all independent. I did like having to read the articles so that I could learn to interpret data and understand what is needed and not needed in a paper. I like those papers we got early in the semester explaining each part of a scientific paper, what's included, not needed, etc. I like doing the independent project because it gave a little more freedom than we normally get in labs. Overall, I thought this was one of the better lab courses I have taken, despite having more work than I expected."
Comment 4: "The material was very interesting. I also liked the organization and structure. The application of it to clinical settings is what made it even better since that is what I'm interested in."
Comment 5: "I liked how the class slowly worked its way towards having us do our own experiment and research paper. It is the closest to an actual research experience that I have had in a lab here at
Maryland."
